Significant declines in the incidence of invasive pneumococcal disease (IPD) due to vaccine serotypes were reported after the implementation of the 7-valent pneumococcal conjugated vaccine (PCV7), not only in children but also in adults [1] [2] [3] [4] . Nevertheless, because of a replacement phenomenon, nasopharyngeal colonization of children by non-PCV7 serotypes was soon reported [5, 6] . As a consequence, the incidence of IPD caused by non-PCV7 serotypes increased in both children and adults [7] [8] [9] [10] .
This different pattern in serotype distribution of IPD has been accompanied by changes in disease characteristics, and increases in the incidence of empyema were soon reported in children after the introduction of the PCV7 [11] [12] [13] . Different studies have shown that capsular pneumococcal polysaccharides are associated with specific manifestations of pneumococcal disease and mortality [14] [15] [16] . Thus, pneumococcal serotypes 1 and 3 have been associated with the development of suppurative complications and necrotizing pneumonia in children [17, 18] . To date, it is unknown whether the same phenomenon is also occurring in adults.
In Spain, the PCV7 was introduced in June 2001, and it was estimated in 2006 that about 50% of children have been vaccinated and, as in other geographic areas, the emergence of IPD caused by non-PCV7 serotypes after PCV7 introduction has also been reported [7, 19] .
To our knowledge, there few published data about the actual incidence of pneumococcal empyema in adults, its clinical course, and the causal serotypes. The aim of our study was (1) to describe the clinical characteristics and risk factors for pneumococcal empyema and (2) to analyze the differences in the incidence of empyema, disease characteristics, and serotype distribution in adults with complicated parapneumonic pleural effusion caused by Streptococcus pneumoniae between the preand post-PCV7 eras.
METHODS

Study Population and Setting
Patients were enrolled as part of an ongoing observational study initiated in 1996 of all adults hospitalized with IPD in 2 teaching hospitals in Barcelona, Spain; in Hospital Universitari Vall d'Hebron and Hospital Parc Tauli, all adults with IPD who presented with an empyema were included. We included patients from 2 periods: the prevaccine period 
Study Variables and Data Collection
We recorded the following variables: (1) sociodemographic data (age, sex, tobacco and alcohol abuse, and vaccination status with the 23-valent polysaccharide [PPV-23] vaccine), (2) underlying diseases and Charlson comorbidity index, (3) immunosuppressive conditions, (4) severity of the illness at presentation (respiratory failure, septic shock, and pneumonia severity index), (5) pleural fluid parameters, (6) microbiological data (serotype and antibiotic resistance pattern of the S. pneumoniae causal strain), (7) therapeutic measures (antimicrobial therapy, chest tube drainage placement, administration of fibrinolytic agents, and need for surgical intervention), and (8) variables related to clinical outcome (mortality, intensive care unit [ICU] admission, orotracheal intubation requirement, and length of hospital stay for survivors).
Definitions
Diagnosis of empyema was made on the basis of the criteria established by Light [20, 21] . These criteria included a loculated pleural effusion, positive results of Gram staining or culture of the pleural fluid, and a purulent pleural fluid with pH ,7.2 or a glucose level ,40 mg/dL. Pneumococcal empyema was considered in all patients with complicated parapneumonic pleural effusion in whom S. pneumoniae was isolated in blood and/or in pleural fluid culture. Invasive pneumococcal pneumonia was diagnosed when a patient had consistent clinical findings plus a new pulmonary infiltrate on chest radiography and isolation of S. pneumoniae in blood and/or pleural fluid cultures. Charlson comorbidity index and pneumonia severity index score were calculated as reported elsewhere [22, 23] .
Microbiological Procedures
S. pneumoniae strains were identified by Gram staining, optochin susceptibility, bile solubility, and latex agglutination testing. Antimicrobial susceptibility was tested using the microdilution method, in accordance with Clinical and Laboratory Standards Institute (CLSI) procedures. Serotyping was performed by capsular swelling reaction, using commercial serogroup and serotype-specific antisera, with the quellung reaction at the Spanish Reference Laboratory (Instituto Carlos III, Madrid, Spain). Serotypes were classified in 2 groups: PCV7 serotypes were those that matched serotypes included in the vaccine (serotypes 4, 6B, 9V, 14, 18C, 19F, and 23F), and all other serotypes were designated as non-PCV7 serotypes.
To evaluate the evolution of antibiotic resistance, we used the breakpoints for penicillin prior to the revision by the CLSI in 2008, because with these new breakpoints nearly all strains were penicillin susceptible (96.7% and 98.3% of pneumococcal strains had minimum inhibitory concentration [MIC] %2 lg/ mL during the pre-and postvaccine periods, respectively) [24] . So for the purpose of this study, isolates were classified as penicillin-susceptible (MIC, %0.06 lg/mL), penicillinintermediate (MIC, 0.12-1 lg/mL), or penicillin-resistant (MIC, R2 lg/mL). Intermediate or resistant isolates were considered to be nonsusceptible.
Estimation of Incidence of Pneumococcal Empyema
Rates of pneumococcal empyema and incidence, defined as the number of episodes per 100,000 population per year, were calculated for the whole population and for different age groups using as the denominator the number of adults living in the referral areas of the 2 hospitals obtained from the Department of Statistics in Catalunya [25] . To ensure the reliability of this method to estimate the incidence, we have also calculated the incidence of empyema per 1000 adult patients admitted to our hospitals per year. To compare the incidence between the pre-and postvaccine periods, we used the mean of the yearly incidence during the period. To estimate the incidence of empyema due to vaccine or nonvaccine serotypes, we assumed that the distribution of serotypes for cases missing serotype information (4% of cases) was the same as the distribution for those cases with serotype information.
Statistical Analysis
Differences in means of the incidence between prevaccine and postvaccine periods were tested using the Mantel-Haenszel test. The percent reduction in incidence was reported with associated 95% confidence interval (CI). The v 2 test or Fisher exact test, when appropriate, was used to compare the distribution of categorical variables, and the Student t test or the MannWhitney U test for continuous variables. Results were considered statistically significant if the 2-tailed P value was ,.05. To assess the risk factors for pneumococcal empyema, we compared the 128 patients with empyema with 576 patients who had bacteremic pneumococcal pneumonia without empyema collected during the same study period. We performed univariate and multivariate logistic regression analysis to identify variables independently associated with pneumococcal empyema. Significant and nearly significant (P , .10) variables from the univariate analysis were included in the multivariate analysis.
To asses the association of the different serotypes with the risk of empyema, we have grouped serotypes in 3 different categories, as follows: (0) non-1, non-3 serotypes, which acted as a reference category; (1) serotype 1; and (2) serotype 3.
The same model has been used for the combined variable serotype 4 and 14. All statistical analyses were performed using the statistical software package SPSS for Windows, version 15.0.
RESULTS
During the study period, 1080 episodes of invasive pneumococcal pneumonia were diagnosed in adults, 508 of them during the prevaccine period and 572 during the postvaccine period. Empyema was diagnosed in 128 (11.9%) of the 1080 patients with invasive pneumococcal pneumonia.
Clinical Characteristics of Patients With Pneumococcal Empyema
The mean age of patients with pneumococcal empyema was 59.1 6 18.1 years, and 65.6% of the episodes occurred in men (Table 1) . Seventy-four (57.8%) of the 128 patients had associated bacteremia. Globally, 56.3% of the patients had an underlying chronic medical illness. Chronic pulmonary disease (34.1% of the patients) and various immunosuppressive conditions (28.3% of patients) were the most common comorbidities. At presentation, 55.9% of patients had respiratory failure, 20.5% required vasoactive drugs, and 25.2% of them required ICU admission. Surgery, other than thoracic drainage with a chest tube, was performed for 12.4% of patients. The overall rate of hospital mortality was 11.8%.
Comparing the 2 periods, the mean age of the patients decreased from 63.2 to 55.2 years (P 5 .01). Patients with pneumococcal empyema during the postvaccine period were less likely to have chronic medical illness (67.2% vs 46.2%; P 5 .002), chronic lung disease (49.3% vs 20%; P 5 .001), or immunosuppressive conditions (37.1% vs 20%; P 5 .048).
We did not observe significant differences in the clinical presentation and outcome between the pre-and postvaccine periods. The proportion of patients with pneumococcal empyema who presented with respiratory failure and septic shock was similar during the 2 periods. The length of hospital stay for survivors and the overall case-fatality rate (11.3% vs 12.3%) remained unchanged in both periods.
Risk Factors for Pneumococcal Empyema
In the unadjusted univariate analysis, patients with empyema were less likely to have diabetes mellitus or immunosuppressive conditions and they had a greater need for ICU admission ( 
Changes in Disease Burden After PPV7 Implementation
The overall incidence of empyema did not change significantly between the pre-and postvaccine periods (1.6 and 1.8 cases per 100,000 population-years, respectively) ( Figure 1 ). Significant changes were observed in patients aged 18-50 years (Table 3 and Figure 2) . In this population, the rates of patients with pneumococcal pneumonia who had empyema increased from 7.6% to 14.9% (P 5 .04) and the incidence of pneumococcal empyema increased from 0.5 to 1.6 cases per 100,000 person- 
years (198% [95% CI, 49%-494%])
. If we calculate the incidence by admissions, we obtain similar results, with increases in the incidence of empyema from 0.08 to 0.27 cases per 1000 admission-years (224% [95% CI, 62%-546%]) in young adults (Table 3) .
Serotype Distribution and Antibiotic Susceptibility
A total of 26 different pneumococcal serotypes were isolated from patients with pneumococcal empyema, most of which (80.2%) were non-PCV7 vaccine serotypes ( Figure 1 and Table 4 ). Although there were some changes in the incidence of empyema caused by PCV7 serotypes (-27% [95% CI, -67% to 62%]) and non-PCV7 serotypes (31% [95% CI, -11% to 93%]) when both periods were compared, they were not significant. Nevertheless, individual pneumococcal serotypes differed significantly between the 2 periods. Serotype 1, which caused 14.8% of pneumococcal empyemas during the prevaccine period, increased to 43.3% during the postvaccine period (P , .001). In terms of incidence, the incidence of empyema due to serotype 1 increased significantly from 0.2 to 0.8 cases per 100,000 person-years (253% [95% CI, 67%-646%]), especially among patients aged 18-50 years and patients aged .65 years.
In contrast, we did not observe significant changes in the incidence or in the rates of empyema caused by serotype 3 ( Table 3 ). The proportion of pneumococcal empyema caused by penicillin-nonsusceptible strains decreased between the pre-and postvaccine periods from 28% to 9.4% (P 5 .01). Resistance to other antibiotics, such as cephalosporins and macrolides, also tended to decrease (Table 5 ).
Therapeutic Measures: Pleural Fluid Drainage and Thoracic Surgery
A chest tube for drainage of pleural fluid was inserted in 88.4% of patients. Surgical intervention, either thoracotomy with decortication or video-assisted thoracic surgery, was required in only 12.3% of cases. The number of patients undergoing surgical intervention increased from 3 (5.3%) of 57 cases during the prevaccine period to 12 (18.8%) of 64 cases during the postvaccine period (P 5 .02). Administration of fibrinolytic agents also increased, from 24.5% during the prevaccine period to 58.6% during the postvaccine period (P , .001). In 7 (53.8%) of the 13 adults with known serotype who required surgical intervention, the causal pneumococcal strain was serotype 1. When analyzed individually, serotypes 1, 3, and 7F had the highest rates of surgical intervention, with 21.9%, 9.5%, and 33%, respectively.
DISCUSSION
We observed a marked increase in the incidence of pneumococcal empyema in young adults after the implementation of the .273
Note. CI, confidence interval; PE, pneumococcal empyema. a pneumococcal conjugate vaccine in children. This change seems to be associated with the emergence of nonvaccine serotype 1.
The introduction of the PCV7 in children has been accompanied by substantial reductions in the incidence of IPD caused by serotypes of pneumococci that are included in the vaccine [1] [2] [3] [4] . However, a dynamic process of replacement in the types of serotypes seems to have occurred and, as a consequence, the incidence of pneumococcal infections caused by nonvaccine serotypes has increased [5] [6] [7] [8] [9] . The clinical characteristics of pneumococcal infections caused by nonvaccine serotypes are somehow different, and, in children, increased rates of necrotizing pneumonia and empyema have been observed [11-13, 17, 18] . These suppurative complications of pneumonia have been associated with the emergence of the non-PCV7 serotypes 1 and 3 [11, 17, 18, 26] .
We observed a significant change in the epidemiological characteristics of pneumococci causing empyema also in adults. Young adults aged between 18 and 50 years are the population most affected by this increase in the incidence of pneumococcal empyema. More than 40% of episodes of pneumococcal empyema in adults are now caused by serotype 1. The reasons for the high tendency of pneumococcal serotype 1 to cause empyema are not well understood. Some studies have shown its predisposition to affect young adults without previous comorbid conditions, causing pneumonia and empyema [16, 27] . In our study, 67.5% of patients aged between 18 and 50 years had no chronic underlying disease.
The explanation for why the epidemiology of pneumococcal disease has changed so significantly is most likely multifactorial [28] . Definitely, the effect of the implementation of the PCV7 in children plays an important role in explaining the emergence of new serotypes. Nevertheless, the increase in the incidence of pneumococcal empyema in children cannot easily be explained only by a vaccine effect. Temporal trends in pneumococcal serotype distribution have been described worldwide, with epidemic increases in the frequency of serotype 1 in the last years of the 20th century before the implementation of the PCV7 [29] [30] [31] . These fluctuations in the epidemiological characteristics of pneumococcal serotypes could be the reason why increases in the incidence of pneumococcal empyema in children had already been reported before the introduction of the PCV7 in the United States and the United Kingdom [32, 33] .
In the postvaccine era, we have observed an increased requirement for surgical management of pneumococcal empyema. These findings are quite different from the results reported by Byington et al, who found a decrease in surgical treatment of children during the postvaccine period [34] . Although these changes could be greatly influenced by different attitudes toward surgical intervention over time, both studies found similar and high rates of surgical management in pneumococcal empyema caused by serotype 1 (22% in our study and 28.7% in the Byington et al study).
Our study has several potential limitations. First, because it is not a population-based study, the incidence estimates may not be the most realistic. Second, it presents data from only 2 centers of the same area of Spain, so it might not be representative of other geographical areas where the specific serotype distribution could differ from that in other regions [35, 36] . Finally, other factors that might also modulate the epidemiology of pneumococcal empyema (eg, genetic properties of S. pneumoniae strains or viral coinfections) were not evaluated in our study.
Despite these limitations, we believe that our study reveals important and novel changes in the epidemiological characteristics of pneumococcal empyema in adults, with an increase in the incidence of empyema in younger adults without comorbidities. We have also identified pneumococcal serotypes 1 and 3 as the main determinants of development of this suppurative complication. In the near future, the introduction of the 13-valent pneumococcal conjugated vaccine, which contains serotypes 1 and 3, will provide information about the exact role that the PCV7 has had in the increased rates of episodes of pneumococcal empyema both in children and in adults, so continued surveillance on the epidemiology of pneumococcal infections is needed.
